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1 Introduction

In the RAN4 #83 meeting, WF on spectral utilization was approved as follows [1].
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* Companies are encouraged to propose the spectral utlization valuesin terms of
number of RBs

+ For below 6GHz, channel BW (5, 10, 15, 20, 40, 50, 60, 80, 100MHz) and SCS (15, 30, 60kH2)
+ For above 6GH, channel BW (50, 100, 150, 200, 400MHz) and SCS (60, 120kHz)
+ Evaluations must be performed with agreed requirements
+ R4-1706073, mmW SEM
+ R4-1706063 WF on mmWave ACLR and ACS.
+ R4-1706316 WF on sub 6GHz ACLR and ACS
+ Also relevant receiver blocking requirements must be considered (impact on both
filtering and reciprocal phase noise mixing)
+ Companies are encouraged to provide info on spectral efficiency

+ Companies should provide relevant information used in the evaluation including
EVM and Sub-6 SEM

* Note: The BWS here are examples; a subset may be selected for the final set of BWs.




In this contribution, we provide our UL simulation results for spectral utilization based on agreed WF.
2 Discussion

The following simulation assumptions are considered for UL spectrum utilization;

· For below 6 GHz

· Tx scheme : WOLA w/ 2% of total symbol length

· UL PA model : RAPP model
· Operating point is set to meet Po = 23 dBm w/ 30 dB ACLR with OFDM signal with X=90%
· UE ACLR : 30 dBc

· SEM Mask
· For CHBW ≤  20MHz, existing LTE SEM
· For CHBW ≥ 30MHz, use Table 1 based on [2]
· SE : -30 dBm/1MHz
· For above 6 GHz

· Tx scheme : WOLA w/ 2% of total symbol length

· UL PA model : RAPP model

· Operating point is set to meet EIRP = 31 dBm w/ 17 dB ACLR with OFDM signal with X=90%
· UE ACLR : 17 dBc

· SEM Mask : SEM mask presented in Table 2 based on agreed WF[3]

· SE : -13 dBm/1MHz
Table 1. General SEM mask for below 6 GHz (CHBW ≥ 30 MHz)
	ΔfOOB
(MHz)
	 40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz
	Measurement bandwidth

	( 0-1
	-24
	-24
	-24
	-24
	-24
	30 kHz

	( 1-5
	-10
	-10
	-10
	-10
	-10
	1 MHz

	( 5-40
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 40-45
	-25
	-13
	-13
	-13
	-13
	1 MHz

	( 45-50
	
	-13
	-13
	-13
	-13
	1 MHz

	( 50-55
	
	-25
	-13
	-13
	-13
	1 MHz

	( 55-60
	
	
	-13
	-13
	-13
	1 MHz

	( 60-65
	
	
	-25
	-13
	-13
	1 MHz

	( 65-80
	
	
	
	-13
	-13
	1 MHz

	( 80-85
	
	
	
	-25
	-13
	1 MHz

	( 85-100
	
	
	
	
	-13
	1 MHz

	( 100-105
	
	
	
	
	-25
	1 MHz


Table 2. General SEM mask for above 6GHz
	ΔfOOB
(MHz)
	 50 MHz
	 100 MHz
	150 MHz
	200 MHz
	400 MHz
	Measurement bandwidth

	( 0-5
	-5
	-5
	-5
	-5
	-5
	1 MHz

	( 5-10
	-13
	-5
	-5
	-5
	-5
	1 MHz

	( 10-15
	-13
	-13
	-5
	-5
	-5
	1 MHz

	( 15-20
	-13
	-13
	-13
	-5
	-5
	1 MHz

	( 20-40
	-13
	-13
	-13
	-13
	-5
	1 MHz

	( 40-50
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 50-100
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 100-200
	
	-13
	-13
	-13
	-13
	1 MHz

	( 200-300
	
	
	-13
	-13
	-13
	1 MHz

	( 200-400
	
	
	
	-13
	-13
	1 MHz

	( 400-800
	
	
	
	
	-13
	1 MHz


In Table 3 and Table 4, UL simulation results are summarized for below 6 GHz and above 6 GHz, respectively. The value lager than or equal to 90% of spectrum utilization is highlighted with green color in the tables.
Table 3. Spectrum utilization for below 6 GHz

	　
	CHBW [MHz]

	SCS
[kHz]
	5
	10
	15
	20
	40
	50
	60
	80
	100

	
	NRB
	X [%]
	NRB
	X [%]
	NRB
	X [%]
	NRB
	X [%]
	NRB
	X [%]
	NRB
	X [%]
	NRB
	X [%]
	NRB
	X [%]
	NRB
	X [%]

	15
	25
	90.0 
	52
	93.6 
	80
	96.0 
	106
	95.4 
	216
	97.2 
	272
	97.9 
	　
	　
	　
	　
	　
	　

	30
	11
	79.2 
	25
	90.0 
	38
	91.2 
	52
	93.6 
	107
	96.3 
	134
	96.5 
	161
	96.6 
	217
	97.7 
	272
	97.9 

	60
	　
	　
	11
	79.2 
	18
	86.4 
	24
	86.4 
	52
	93.6 
	66
	95.0 
	80
	96.0 
	107
	96.3 
	133
	95.8 


Table 4. Spectrum utilization for above 6GHz
	
	CHBW [MHz]

	SCS
[kHz]
	50
	100
	150
	200
	400

	
	NRB
	X [%]
	NRB
	X [%]
	NRB
	X [%]
	NRB
	X [%]
	NRB
	X [%]

	60
	65
	93.6 
	135
	97.2 
	204
	97.9 
	275
	99.0 
	　
	　

	120
	32
	92.2 
	67
	96.5 
	102
	97.9 
	137
	98.6 
	276
	99.4 


From spectrum utilization results, we can see that evaluated spectrum utilization value of are lower than Rel-15 NR target spectrum utilization of 90 % X in some configuration for CHBW and SCS, as marked in red color. For such configuration, we think that RAN4 need to decide how can handle such exception. Actually, spectrum utilization performance can be increased if RAN4 assume to introduce more enhanced/expensive RF component or baseband technique such as additional filtering. Anyway, such kind of enhancement require increased cost and/or complexity in UE side implementation. Therefore we prefer to permit some exceptional spectrum utilization value lower than 90% at least Rel-15 time frame.

Proposal 1. Permit spectrum utilization value lower than 90% in Rel-15 time-frame.

3 Conclusion
In this contribution, we provided our UL simulation results for spectrum utilization of Rel-15 NR and would like to discuss on the results to define spectrum utilization.
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PA Calibration results which is meet emission requirements for below 6 GHz and above 6 GHz
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(a) Sub-6 (Po=23 dBm w/ 30 dB ACLR) 

(b) mmWave (EIRP=32 dBm w/ 17 dB ACLR)
Figure 1. PA Calibration results
Simulation results for below 6 GHz
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Figure 2. Below 6 GHz simulation results for 15 kHz SCS
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Figure 3. Below 6 GHz simulation results for 30 kHz SCS
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Figure 4. Below 6 GHz simulation results for 60 kHz SCS
Simulation results for above 6 GHz
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Figure 5. Above 6 GHz simulation results for 60 kHz SCS
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Figure 6. Above 6 GHz simulation results for 120 kHz SCS

